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Introduction 

Comparative studies on this and other crops showed that good growth took 
place when the intensity of nutrition and adequate physiological balance 
among nutrients were maintained in the medium of growth (Tyner, 1947 ; 
Lal, Srivastava and Pathak, 1949; Lal and Prasad, 1948; and Lal and 
Rao, 1952). Adequate balance between nitrogen and phosphorus, in general, 
resulted in better growth, while greater displacement in NPK equilibrium 
caused considerable variation in yield (Stanford etal, 1941). A proper 
association of nitrogen and potassiuni was also considered helpful for 
yield (Alov, 1944). Varying ratios of niacro-elements were also known to 
influence production in artificial cultures (McCall and Woodford, 1938). 
In almost all these cases, fertiUzers affected absorption and utiUsation of 
elements and thereby determined growth of plants (Beckenbach et al, 1938 ; 
Craige, 1941; and Lundegardh. 1941). An attempt has been made in this 
paper to explore some of these possibilities, and to suggest the critical limits 
of added nitrogen, phosphorus and potassium for good growth of sugar- 
cane. Valuable information on sugarcane sap characteristics under these 
conditions of nutrition have also been provided. 
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Experimentation 

The investigations were conducted on sugarcane (var. Co 453) grown in 
local sandy loam soil in pot cultures. Details of these cultures were as 


follows 

Pot size 

Quantity of soil 
Treatments 


18" xm 

25 kg. per pot. 

16 combinations of NPK as follows: 


Treatment No. ■ 

Cone, in gm. equivalent per culture 

N PsOb K 3 O 

Total Cone, 
in G.E. 

1 

15 

15 

75 

105 

2 

75 

15 

15 

105 

3 

60 

15 

30 

105 

4 

45 

15 

45 

105 

5 

30 

15 

60 

105 

6 

15 

30 

60 

105 

7 

30 

30 

45 

105 

8 

45 

30 

30 

105 

9 

60 

30 

15 

105 

10 

15 

45 

45 

105 

11 

30 

45 

30 

105 

12 

45 

45 

15 

105 

13 

15 

60 

30 

105 

14 

30 

60 

15 

105 

15 

15 

75 

15 

105 

16 

0 

0 

0 

(Control) 


Each of the above 16 treatments was replicated three times. Single budded 
setts were sown on 4th March 1951, while transplanting of the germinated 
setts in pots was done on 20th March 1951. Fertilizers were applied in 
two equal instalments, half at planting and half 60 days after planting. 
Nitrogen, phosphorus and potassium were applied as sulphate of ammonia, 
superphosphate and sulphate of potash respectively. 

Barring control, where no fertilizers were added, all other treated 
cultures were maintained at a total concentration of 105 gm. equivalent 
of the three nutrients. Within this limit, the ratio of the three ingredients 
was altered as shown above. 

All care was taken to provide adequate irrigation and hoeing at succes- 
sive stages of the life-cycle. Sampling for growth studies was done at 140 
and 190 days, while physico-chemical properties and juice characters were 
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^he effects of addi- 
tional doses and ratios of nutrients. Bacterial activity was considered to 

affect all cultures uniformly; differences due to uncontrollable factors were 
automatically eliminated when the differences between two observed means 
were compared against the standard differences at 5 % level while assessinn 
fte validity of the observed effects on gro«h and phystaSl*! “ef 

The procedure of recording growth in terms of height tillering leaf 
number and of estimating the physico-chemical properties like densitj L- 
tace tension, viscosity osmotic pressure and solute concentration was similar 

to that indicated m the oarUer paper (Lai and Tandon, 1954). Summarized 

results are represented in text figures. Only the statistically significant 
effects are recorded in these pages. 


Experimental Findings and Discussion 

General Effect of Nutritional Ratios, Age and Plant Parts . — Nutrient 
ratios showed a highly significant effect on leaf number, size of the cane 
and shoot height. Stage of growth at which samples were taken for these 
measurements also affected all the growth characters significantly. The 
effect of various N . P . K. ratios was equally significant on total solids and 
sucrose percentage of cane juice (Table I). All physico-chemical properties 

Table I 

Effect of various combinations of N, P and K on different juice characters 

Analysis of Variance 


1951-52 


Due to 

D.F. 


Mean sum of squares x 1,000 


Shoot No. 

Leaf No. 

Cane Height 

Shoot Height 

Combinations 

15 

2500-000 

78325-000* 

214550-000* 

384353-979* 

Stages 

1 

36125-000* 

470500-000* 

11419380-000* 

19765052-813* 

Error 

15 

971-700 

11900-000 

84380-000 

146200-813 

Total 

.T1 






Significant at 5% 
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Effect of various combinations of N, P and K on different juice characters 

Analysis of Variance 
Age 205 days, 1951- 52 




Mean sum 

of .squares x 

1,000,000 

Total solids 

Sucro.se % 

Purity % 

Combinations 

11 

9200000-000* 

14415420-000* 60225000-000 

Samples . . 

.. 1 

700-000 

1010-000* 

163000-000* 

Error , . • 

.. 11 

6600-000 

45-000 

69000-000 

Total 

.. 23 





* Significant at 5% 


were significantly affected under various treatments. The effect varied with ; 
the parts of the plants sampled for these physico-chemical measurements. 
This was clearly indicated by the significant effect of interaction between 
the nutrient ratios and component parts on viscosity, osmotic pressure and 
solute concentration (Table II). 

Growth Characters under Different Ratios. — Shoot number attained 
highest value under N45P15K48 and Ni5P75Ki5. It was also noted that the 
number of leaves and shoots declined significantly between the period of 
140-190 days. Largest number of leaves was formed under N46Pi5K4g. Cane 
height and total shoot height were significantly improved with advance in 
age and certain treatment. Thus cane height was the best under N3oPi)oK46. 
Similarly total plant height including green tops was best under NggPsoKj. 
Total solids content of the extracted juice was maximum under a ratio of 
NeoPisKgo. Sucrose percentage also varied from a lower limit of 13 - 87 % 
under N75P15K16 to an upper limit of above 20-0% in NaoPigKgo, NigPgoKM, 
N30P30K45 and Ni5PeoK3o. Purity coefficient was also very high (above 90 %) 
under N3oPi5Kgo, N30P3QK45, N3OP45K30, NigPgoKjd and NggPgoKjg (Tables III 
and IV). It thus appeared that in spite of the total concentration of nutrients 
remaining similar, variations in the relative proportion of the three 
ingredients resulted in marked differences in growth and juice characters 
of sugarcane. Only under suitable ratios were the growth and juice 
characters optimum. For efficient sugarcane production, therefore, the 
maintenance of such ratios appeared most desirable. 



Table n 

Effect of yarious combinations of N, P and K on physico-chemical properties of sap 
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Significant at 5% 
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Table III 

Effect of various combinations of N, P and K on Juice characters of sugarcane 


N : P : K 


Total solids 

/o 


Sucrose 

% 


Purity 

At 


15 

15 

75 

22-50 

19-98 

75 

15 

15 

17-20 

13-87 

60 

15 

30 

23-40 

18-80 

30 

15 

60 

23-00 

20-74 

15 

30 

60 

20-80 

20-52 

30 

45 

45 

22-30 

20-18 

45 

30 

30 

22-20 

19-78 

60 

30 

15 

17-80 

14-59 

30 

45 

30 

21-50 

19-99 

15 

60 

30 

23-00 

20-90 

30 

60 

15 

■ 22-10 

20-00 

15 

75 

15 

19-00 

14-28 

S.D. at 5% 

. . 

0-179 

0-147 


88-80 

80-60 

80- 30 
90-15 

89- 95 

90- 50 

89- 10 

81- 95 

90- 65 
90-90 
90-90 
75-20 


0-579 


Physico-Chemical Properties of Sap and Nutrient i 2 a//ay.— Density of 
the sap was highest in the bottom portion of the sugarcane as compared 
t^o the top. Amongst the different nutrient ratios showed the 

highest density while N45P15K45 indicated the poorest density (Table V) 

Surface tension of the sap was also higher in bottom canes particularly 
under a ratio of NsoPisKeo- Viscosity of the sap was again high relatively 
in tne bottom portions of the cane and was lowest (I *339) under N P K 

i N30P30K15. Highest osmotic pressure was recorded 

unaer JNsoPeoK^is, while the least value was noted under N^PjoK,.. Solute 

bottom high in top canes as compared to the 

ottoim It also showed wide fluctuations from a value of 1 -375 gm./kg. under 

Ni5PeoK3o to a high value of 2-271 gm./kg. under N45P15K46 (Table V). 

N-P^^nd^mS’ treatment with different ratios of 

N.P.K induced vanations in external growth attributes alongside changes 
m sap charactenstics of the sugarcane plant as well (Table V). 

the outstafdini”Iff f f^f^ogen.-Thest observations conclusively showed 
the outstanding effect of certain ratios of N: P: K in improvine erowth and 

W5 ** concentration remaining 

S i^th “'T'™' I' was made evident tliat fot 

fd jrowth characters, snch « shoot height, leaf and shoot nnmber. optta™ 



Table IV 

Effect of various nutrient ratios of growth characteristics of sugarcane plant 


N: P: K Ratios on Growth Characters of Sugarcane 
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S.D. at 5% for means of 2 = ± 1-900 S.D. at 5% for means of 2 = ±7-056 

S.D. at 5% for means of 16 = ± 0-674 S.D. at 5% for means of 16 = ± 2-505 
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Table V 

Effect of various combinations of N, P and K on 


N: P: K Ratios on Growth 


Characters of Sugarcane 
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S.D. at 5% for means of— S.D. at 5% for means of— S.D. at 5% for means of— 
2 = ± 0-0071 2 = ± 0-0374 2 = ± 0-0015 

4= ±0-0050 4= ±0-0264 4= ±0-0011 

22 = ± 0-0021 22 = ± 0-0113 22 = ± 0-0004 
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values were recorded when the proportion of nitrogen was 57 -14-72 -38% 
of the total nutrition. Below this critical limit, growth of these characters 
was lowered. As against this, even 14-29% of nitrogen in the total nutri- 
tion of the soil appeared to be favourable for sucrose, total solids and purity 
percentage of cane. Beyond this concentration, nitrogen appeared to be in 
excess of the normal needs for good juice quality. Density, surface tension 
and osmotic pressure reached high values under a critical concentration of 
28-57% of nitrogen. For high viscosity even lower concentration of 14-29% 
of nitrogen appeared favourable. For solute concentration, on the other 
hand, 57-14% of nitrogen in the total nutrition was the best. 

On comparison of these responses it became evident that relatively 
high concentrations of nitrogen of the order of 57-14-73-38% of the total 
nutrition was necessary for inducing better growth and higher solute con- 
centration. For juice characters, density, surface tension, viscosity and 
osmotic pressure, even low ranges of the order of 14-29-28-57% appeared 
favourable. The requirement of nitrogen for this plant, therefore, varied 
with the characters under consideration (Fig. 1 ; Table VI). 

Critical Limits of P^O^. — So far as phosphorus was concerned, increase 
in the proportion of this ingredient in total nutrition up to certain critical 
concentration, appeared favourable. Thus for maximum height a concentra- 
tion of 28-57% P 2 O 5 in the total nutrition appeared more favourable than 
higher ranges. For leaf and shoot number even 14-29% appeared better 
than the relatively higher ranges of 28-57-57-14%. A tendency to better 
growth of these characters was noted at 72-38% as well. Total solids and 
purity coefficients were higher at a critical limit of 28-57%, while sucrose 
attained highest level at 42 -86%. Solute concentration was equally high at 
lower concentrations of 14-29% P 2 O 5 in total nutrition, while surface tension, 
viscosity and osmotic pressure required a relatively higher percentage 
(42-86-57- 14% PaO^) for evincing high values. Here again for growth charac- 
ters, solute concentration, total solids and purity percentages, phosphorus 
beyond 28 - 57% of total nutrition appeared excessive. For sucrose, surface 
tension, viscosity and osmotic pressure phosphorus beyond 42-86-57-14% of 
total nutrition appeared to be super-optimal (Fig. 1; Table VI). 

Critical Limits of Potassium.— Comiag now to potassium, height and 
leaf number attained maximum values under lower concentrhtions of 
14-28-28-57% K 2 O; shoot number was highest when this element consti- 
tuted 72-38% of total nutrition. It was significant to note that total solids, 
sucrose and purity percentages also attained high levels when concentrations 
pf K 2 O reached 57-14% limit. Although not sp useful in higher doses fo| 



Shoot ht. Stem ht. Shoot No. Leaf No. Total Solids Sucrose % 
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height and leaf number, potassium in heavy concentrations appeared most 
favLable for tillering and juice characters. Potassium was needed in 


N P 2 O, K,0 

« • #. 



Fig. 1. Growth characters, juice quality and physico-chemical properties of sugarcane 
jp r^lption to different combinations of N, PPs and KjO. 


{Atmos.} 
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varying quantity for other sap characters. Thus for surface tension a con- 
centration o appeared more favourable; for solute concentration 

and density 42-86% appeared desirable. For high osmotic pressure and vis- 
cosity even lower concentrations below 28-57% of total nutrition appeared 
better (Fig. 1 ; Table VI). 


Table VI 

Average growth, juice and sap characteristics of sugarcane in relation 
to the relative concentration of N, P 2 O 5 and KjO in the total 
nutrition of the medium 


Concentration as percentage of total nutrition 



14-29 

28-57 

42-86 

57-14 

72-38 



Height of shoot in cm. 



Nitrogen 

. 245-95 

257-95 

260-90 

261-80 

259*40 

Phosphorus . 

. 248-11 

263-94 

259-85 

257*68 

234*05 

Potassium 

. 256-34 

264-28 

251-22 

247-65 

237-50 



Cane height in cm. 



Nitrogen 

. 122-25 

119-69 

122-25 

125-63 

127-50 

Phosphorus . 

. 115-85 

130-75 

123-75 

122-75 

116-50 

Potassium 

. 124-85 

123-31 

121-50 

119-13 

115-25 



Shoot number per culture 


Nitrogen 

4-70 

4-70 

4-20 

5-00 

5*00 

Phosphorus . 

5-30 

4-35 

3-67 

3-50 

6-00 

Potassiiim 

4-70 

3-63 

4-80 

5-00 

5-00 



Leaf number per culture 


Nitrogen 

28-80 

24-90 

33-80 

33-30 

35-50 

Phosphorus . 

34-00 

28-25 

25-67 

25-00 

37-00 

Potassium 

32-10 

26-88 

31-50 

27-75 

29-00 


Total solids percentage in juice 


Nitrogen 

23-50 

21-40 

22-60 

20-60 

17-2 

Phosphorus . 

21-53 

22-53 

22-25 

20-55 


Potassium 

19-25 

22-57 

21-90 

22-90 

22-50 



Sucrose percentage in juice 


Nitrogen 

20-12 

18-40 

20-34 

16-70 

13-87 

Phosphorus . 

18-35 

18-77 

20-45 

17-14 

. , 

Potassium 

15-91 

19-53 

20-09 

20-63 

19-98 
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Table Yl—Contd. 


Concentration as percentage of total nutrition 



14-29 

28-57 

42-86 

57-14 

72-38 


Purity percentage in juice 



Nitrogen 

90-75 

85-28 

90-00 

81-13 

80-60 

Phosphorus . . 

84-96 

87-88 

86-93 

83-05 

. « 

Potassium 

82-16 

86-77 

90-58 

90-05 

88-80 



Density of sap 

# 


Nitrogen 

1-103 

1-107 

1-102 

1-095 

1-099 

Phosphorus . . 

1-097 

1-108 

1-106 

1 - 109 

* , 

Potassium 

1-103 

1-104 

1-104 

1-101 

1-098 



Surface tension of sap 



Nitrogen 

1-403 

1-088 

1-035 

1-011 

1-014 

Phosphorus . . 

1-030 

1-055 

1-066 

1-051 


Potassium 

1-040 

1-030 

1-022 

1-121 

0-976 



Viscosity of sap 



Nitrogen 

1-479 

1-453 

1-413 

1-397 

1-435 

Phosphorus . . 

1-387 

1-457 

1-447 

1-458 


Potassium 

1-441 

1-436 

1-425 

1-401 

1-371 



Osmotic pressure of sap 



Nitrogen 

13-19 

14-02 

13-63 

12-97 

12-40 

Phosphorus . . 

12-75 

13-75 

14-81 

15-07 


Potassium 

13-61 

14-31 

13-30 

12-80 

12-55 


Solute concentration of sap 



Nitrogen 

1-641 

1-871 

1-941 

2-148 

1-752 

Phosphorus . . 

2-019 

1-777 

1-375 

1-584 


Potassium 

1-563 

1-969 

1-997 

1-722 

1-905 


Taking all these factors into consideration, it appeared, therefore, that all 
the threenngredients were helpful in certain critical concentrations for various 
growth and sap characteristics. At the respective optimum level, nitrogen 
appeared to be better in so far as total solids, purity percentage, viscosity 
and solute concentration were concerned. Phosphorus, on the other hand, 
appeared better than nitrogen and potassium, in that, at its respective opti- 
mum limit, cane height, shoot and leaf number and osmotic pressure of the 
sap were improved markedly. Potassium, on the other hand, at its critical 
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TllT' 5°”'* ™ d™i*y “d total heiEht 

of the plant. Theje was no fixed sub-optimal or super-optimal limit L 
the various sap characteristics of sugarcane. 


Taking total plant height as the criterion of growth, nitrogen appeared 
to be required in large percentage (57-14) than phosphorus and potassium. 
For evincing the best response in leaf number, potassium was required in least 
quantity. No marked difference in the critical limit for the three ingredients 
was noted in so far as the tillering was concerned. In contrast to this potas- 
sium was required m higher concentration of 57-14% than either phosphorus 
(28-57%) or nitrogen (14-29%) for improving juice characters. Comparative 
studies on barley, paddy and maize showed that nitrogen exhibited sub- 
optimal effects below 48-4% of the total in barley, below 66-5% in maize 
and below 53-6% in paddy. Similar critical limits for phospLrus and 
potassium were 6-3 and 3-3% respectively for all these crops. Critical 
limit of nitrogen, therefore, did not differ markedly in sugarcane, barley, 
paddy and maize; those of phosphorus and potassium were undoubtedly 
higher in sugarcane in comparison to other Graminaceous crops (Lai and 
Rao, 1954). 


Optimum NJF, NjK and PjK Ratios.— Th.Q relative proportion in which 
different ingredients were applied was used to calculate the N/P, N/K and 
P/K ratios in culture medium. It was significant to note that increase in 
N/P ratios raised the magnitude of growth markedly; shoot height attained 
the highest level at N/P ratio of 2: 1, cane height and shoot number were 
higher under N/P ratio of 1 : 1 and 3 : 1 respectively. A higher proportion 
of nitrogen as compared to phosphorus was thus needed for height and 
shoot number. Similarly N/K ratio of 1 : 1 appeared more favourable for 
leaf and shoot number. P/K ratio of 2 : 1 improved growth in height to 
a maximum, while a ratio of 5 : 1 showed the maximum number of leaves 
and shoots. Data further revealed that except in the case of density, osmotic 
pressure and viscosity of the sap, where equal nitrogen to phosphorus level 
in the ratio of 1 : I was needed, in all other cases nitrogen was either needed 
in lesser or larger amounts for best response. Similarly barring surface 
tension where nitrogen was needed in smaller quantity than potassium for 
optimum effects, in all other characters the proportion of N was either equal 
to or higher than thfit of potassium. Again with the exception of total 
solids and solute concentration, where comparatively smaller concentration 
of P and K was needed to induce best response, in all other direction phos- 
phorus was invariably needed in higher amounts than potassium (Table VTl ; 
Fig. 2). 
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Table VII 

Effect of various NjP, NjK and PjK ratios on growth and physico- 
chemical properties of sugarcane 

Ratios 


Characters 



0-5 

1-0 

2-0 

3-0 

4-0 

5-0 

Shoot height 

.. 245-30 

N/P 

256-10 

263-23 

234-80 

253-00 

259-40 

Cane height 

.. 117-63 

127-17 

125-88 

101-50 

117-25 

127-00 

Shoot number 

.. 4-25 

4-80 

5-50 

6-00 

5-00 

5-00 

Leaf number 

.. 20-25 

28-00 

31 -50 

46-00 

31-50 

35-50 

Total solids % 

.. 20-90 

22-60 

20-40 

. » 

23-40 

17-20 

Sucrose % 

.. 17-40 

20-35 

16-67 

» * 

18-80 

13-87 

Purity % 

.. 82-58 

90-10 

86-05 

,* 

80-30 

80-60 

Density 

.. 1-10 

1-11 

l-IO 

i -09 

1-09 

1-10 

Surface tension . . 

.. MO 

1-02 

1-14 

1-10 

1-01 

1-01 

Viscosity 

.. 1-41 

1-44 

1-39 

1-34 

1-39 

1-43 

Osmotic pressure . . 

.. 11-95 

13-92 

13-64 

12-19 

12-97 

12-40 

Solute concentration 

.. 1-43 

1-66 

2-02 

2-27 

2-15 

1-75 

Shoot height 

.. 260-23 

N/K 

242-45 

252-08 

266-50 

270-60 

259-40 

Cane height 

.. 124-25 

109-83 

116-50 

131-50 

134-00 

127-50 

Shoot number 

.. 4-25 

5-33 

4-25 

4-00 

5-00 

5-00 

Leaf number 

. . 27-50 

35-50 

27-50 

30-00 

35-00 

35-50 

Total solids % 

.. 22-55 


21-20 

23-00 

17-80 

17-20 

Sucrose % 

. . 20-37 


16-54 

20-90 

14-59 

13-87 

Purity % 

.. 90-53 

. , 

77-75 

90-90 

81-95 

80-60 

Density 

.. 1-10 

1-09 

1-09 

I-ll 


1-09 

Surface tension . . 

.. 1-09 

1-01 

1-01 

1-06 


1-01 

Viscosity 

. . 1-43 

1-34 

1-39 

1-45 


1-43 

Osmotic pressure . . 

.. 14-36 

12-19 

12-97 

14-81 


12-40 

Solute concentration 

.. 1-80 

2-27 

2-15 

1-37 


1-75 

Shoot height 

.. 246-23 

P/K 

265-12 

267-40 

266-50 

251-15 

234*05 

Cane height 

.. 118-88 

129-83 

132-38 

131-50 

114-75 

116*50 

Shoot number 

.. 5-00 

3-66 

4-25 

4-00 

3-50 

6*00 

Leaf number 

.. 29-50 

28-17 

31-00 

30-00 

23-00 

37*00 

Total solids % 

.. 23-10 

20-30 

19-95 

23-00 

19-00 

Sucrose % 

.. 19-66 

17-88 

17-30 

20-90 

14-28 


Purity % 

.. 85-13 

86-78 

86-43 

90-90 

75-20 


Density 

Surface tension . . 

.. 1-10 
.. 1-05 

1-10 

1-02 

Ml 

1-05 

1-10 

1-06 

*• 

Viscosity 

.. 1-40 

1-44 

1-49 

1-45 



Osmotic pressure . . 
Solute concentration 

.. 12-45 

.. 1-79 

13-65 

1-96 

15-07 

1-58 

14-81 

1-37 





Ratios of N/P, P/K, or N/K. 


Fig. 2. Growth characters, juice quality and physico-chemical properties of sugarcane in 
relation to various N/P» N/K and P/K ratios. 

For optimum growth of Graminaceous plants like barley, maize and 
paddy the proportion of nitrogen required was found in earlier investigations 
to be as high as 4-7-10-2 times that of phosphorus and 18 times that of 
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potassium. In contrast to these effects, noted earlier by Lal and Rao (1954), 
the proportion of nitrogen to phosphorus and potassium for optimum 
growth of sugarcane in present series was never more than 3-4 times. As 
against this, phosphorus was needed in quantities 2-5 times higher than 
potassium for the good growth of sugarcane. A proportion of 1 •73-2-3 
times higher phosphorus than potassium was needed for better development 
of barley, paddy and maize (Lal and Rao, 1954). Sugarcane thus needed 
a relatively higher proportion of phosphorus than other Graminaceous 
plants. 

Summary 

The effect of 16 ratios of nitrogen, phosphorus and potassium on 
growth and physico-chemical properties of sugarcane was investigated in 
local sandy loam soil. All the 16 cultures were identical in one respect, 
namely, the total concentration of the added nutrient which was maintained 
at 105 gm. equivalent, while individual nutrient proportion varied over 
a wide range from a minimum of 15 gm. equivalent to a maximum of 75 gm. 
equivalent. The following were the outstanding effects: — 


Character - 

Optimum Dose of Nutrients as 

% of Total Nutrition 


N 

P sO§ 

K,0 

Height of shoot 

57-14 

28-57 

28-57 

Cane height . . 

72-38 

28-57 

14-29 

Shoot Number. . 

57-14-72-38 

72-38 

57- 14-72-38 

Leaf Number . . 

72-38 

72-38 

14-29 

Average of growth charac- 
ters . ; 

62-28 

50-02 

28-58 

Total solids % 

14-29 

28-57 

57-14 

Sucrose % 

. 42-86 

42-86 

57-14 

Purity % 

14-29 

28-57 

42-86 

Average for juice quality 

14-29 

33-03 

47-63 
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Characters 

Optimum Dose of Nutrients as % of Total Nutrition 


N 

^ 2^5 

K^O 

Density 

28-57 

57-14 

28-57-42-86 

Surface tension 

28-57 

42-86 

57-14 

Viscosity 

14-29 

57-14 

14-29 

Osmotic pressure 

28-57 

57-14 

28-57 

Solute concentration 

57-14 

14-29 

• 42-86 

Average for physico-che- 




mical properties 

— 

31-44 

40-01 

40-01 


At its optimum level nitrogen showed marked improvement in total solids, 
purity, viscosity, solute concentration when compared to other two ingredients. 
Phosphorus appeared better than nitrogen and potassium and improved 
hei^t, shoot number, leaf number and osmotic pressure wheii its concentra- 
tion was maintained at optimal limit. As against these two, potassium 
appeared to have a more favourable effect on sucrose, density and shoot 
height at its optimal level. 

Growth of sugarcane also showed some relation with N/P, N/K and 
P/K ratios in the culture medium. Here again the optimxun ratio varied 
with the character under consideration. The proportion of nitrogen to 
phosphorus was never more than 3-4 times for optimum growth of sugar- 
cane. Similarly phosphorus was needed in quantities 2-5 times higher than 
potassium for good growth alone. This proportion, however, differed from 
various physico-chemical properties. Individual effects of these ratios have 
been discussed. 
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Introduction 


The role of organic manures in maintenance of soil fertility has been 
recognised for a long time. Occasionally one form of fertilizer and manure 
appeared better than others. Efficiency of different forms of nitrogenous 
manures depends largely on the time of their application, climate, season, 
soil, location and conditions of water-supply. Fertilization with lime, phos- 
phate and potassium, soil organic matter, pH, kind, number and efficiency of 
micro-organism also regulates to a large extent the efficiency of applied 
nitrogen. An attempt is made in this paper to present in a connected 
sequence the relative effects of farm-yard manure, castor cake and sulphate 
of ammonia on growth and juice characteristics of sugarcane at various levels 
of its application. 

Method and Material 

These investigations form part of a comprehensive scheme of researches 
on physico-chemical properties of sugarcane sap conducted during 1950-54. 
The experiment cited in these pages was conducted on variety Cos 109, 
grown on the College Farm under three forms of manure, e.g., sulphate of 
ammonia, castor cake and farm-yard manure each applied at three levels 
of nitrogen, viz., 60 and 120 lb. N per acre during the cropping season of 
1950-51. The treatments, nine in number, were applied in three random- 
ised blocks with gross and net plot sizes of 36'x24' and 28' x 16' respec- 
tively. 

For study of physico-chemical properties, sampling was done at 250 
days in the life-cycle. The variation in these directions were analysed in 
relation to levels of manures, component parts of the shoots and the inter- 
action between treatments and plant parts. The method used for the esti- 
mation of these properties has been described earlier (Lal and Tandon, 
1953). Correlation coefficients between sap characteristics and yield were 
also determined. 


13 ? 



Table I 

Effect of varying levels and forms of manures on physico-chemical properties of sap 

Analysis of Variance 
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Total 
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Table H 

Effect of forms and levels of fertilizers on physico-chemical properties of sap 
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Bound water as % of total moisture 
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S.D. at 5% for means of: 2= ±0-00615 ; 6= ± 0-00355; 16= ±0-00217. 
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Experimental Results 

Effect of Forms and Levels of Manures on Physico-Chemical Properties 
of Sugarcane Sap.-hnedym of various factors showed that various ferti- 
lizer treatments affected density, surface tension, viscosity, osmotic pressure, 
solute concentration significantly; bound and free water content did not 
vary appreciably. Different parts of the sugarcane plant showed the out- 
standing response on all the physico-chemical properties excepting the bound 
and free water content. Interaction between the treatment and the stem 
parts also showed a highly significant effect on density, surfiice tension, 
viscosity, osmotic pressure and solute concentration (Table 1). 

The density of the sugarcane sap varied slightly from 1 -079 under 1201b. 
sulphate of ammonia to 1 -086 under 60 lb. castor cake. Differences between 
the two extremes were statistically significant. Increase in level of nitrogen 
from 60 to 120 lb. in case of sulphate of ammonia and castor cake, lowered 
the density of the sap. Density of the sap increased from top to middle 
but decreased markedly to the lower value in the bottom stem (Table II; 
Fig. 1). 

High surface tension was recorded under 60 lb. castor cake, while low 
surface tension was noted in control. Differences in these two were statis- 
tically significant. Increase in the level of ammonium sulphate caused a 
rise in the surface tension of the sap, but similar increase in the dose of farm- 
yard manure or castor cake lowered this character significantly. Further, 
bottom canes showed the highest surface tension while top and middle canes 
indicated medium and low values respectively. Differences between each 
portion were statistically significant (Table II; Fig. 1). 

Viscosity of the sap varied from 1-708 in control to 1 -972 under 60 lb. N 
as castor cake. Increase in the level of sulphate of ammonia or castor 
cake from 60 to 1201b. N, reduced the viscosity. In farm-yard manure 
higher doses, on the contrary, increased viscosity. It was also evident that 
the top cane showed highest viscosity which gradually became low as lower 
intemodes were taken for sampling. Differences between top, middle and 
bottom canes were again statistically significant (Table H; Fig. 1). 

Osmotic pressure of the sap also varied from a low value of 17-26 
atmosphere to a high value of 19-22 atmospheres under 1201b. N as sul- 
phate of ammonia; farm-yard manure also improved this character at higher 
N levels. In case of castor cake, however, higher level of 120 lb. N lowered 
osmotic pressure. Osmotic pressure also gradually increased from top 
to middle canes but declined subsequently in the bottom canes. The differ- 
ences were found to be statistically significant (Table II; Fig. I). 
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Solute concentration also varied from 2 "063 gm. mol. per kg. 
dry weight in control to a value of 2-941 gm. mol. per kg. dry weight 
under 120 lb. N as farm-yard manure. Addition of each of the fertilizers 
at 120 lb. N level, appeared better than lower doses of 0 or 601b. Further 
the top canes showed the highest solute concentration in comparison to 
middle and bottom canes (Table 11; Fig. 1). 

Bound water of the tissues also varied from 68-26 to 82-64 per cent, 
of total moisture. In general, the greater the level of nitrogen applied as 
sulphate of ammonia or farm-yard manure the higher was the bound water 



€0 Ito&N/acre. ‘20 'h?- N/acre. 

pio, 1. Physico-chemical properties in relation to levels a,nd fortiK of ratro^n. 
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content. In castor cake, however, increases beyond lb. N lowered bound 
water content. Bound water did not vary significantly in lop, middle and 
bottom canes (Table 11; Fig. 1). Free water content expressed as per- 
centage of total water varied in the reverse direction. In none of the treated 
series, could the free water attain a higher level than the control ; the differ- 
nces in the free water content of top, middle and bottom canes were also 
insignificant (Table 11; Fig. 1). 

Discussion 

A critical examination of the data revealed that all physico-chemical 
properties of the sap excepting bound and free water were markedly influenced 
by the three forms of manures. As recorded earlier (Lai and Sreenivasan, 
1953) levels of nitrogen showed an equally important effect on growth and 
juice characters. Taking an over-all picture of these responses, sulphate 
of ammonia at 1201b. N showed the best effect on height, weight of main 
and osmotic pressure of the sugarcane sap. This fertiliser at this tev?} 
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rf ahoot number purity of juice and solute concentrLr <5lto”3'“ 

“ iil^^ hig"T"N ““ 

At Still nigticr level of 1201b. N improvement in leaf area, sucrose °Brix 
and purity were recorded. At 60 lb N ra-strir siiwuse, dux 

14 4 4 - IN, castor cake was poorest in so far 

as the solute concentration and free water were concerned while at 120 tt 
N, viscosity was also lowered to a minimum (Tables n akd BI). 

Tablb in 


^t td lcrek and jdrrrtc rfr^^nn growth characters of sugarcane^ 


Levels 


F.Y.M. 

Castor 

cake 


Sulphate 

of 

ammonia 

Mean 

of 

72 

01b. N 

601b. N 

1201b. N 

Mean of 72 . . 


Height of Main Stem (cm.) 

169-2 170-0 172-0 

Qo’f 202-4 

199-5 216-4 217-5 

187-3 196-9 197-4 

170-5 

198-9 

211-3 

S.D. at 5% for moans of: 24 » ± 7-31; 72 = ± 4-20. 


. 




Shoot Number 



01b. N 

. , 

2-87 

2-91 


2-83 

2-87 

60 lb. N 

. . 

4-16 

4-12 


4-33 

4-29 

120 lb, N 

. . 

5-16 

4-54 


4-45 

4*72 

Mean of 72 . . 


4-15 

3-91 


3-82 


S,D. at 5% for 

niaans 

of: 24 « 

± 0-024; 72 = 

± 0-014. 





Area of Leaves 



oib. N 

* » 

1826 

2005 


2009 

1930 

601b. N 

. « 

3399 

4047 


4136 

3875 

120 lb. N. . . 

» * 

4605 

5481 


3910 

4667 

Mean of 72 . . 

* . 

3289 

3842 


3365 


S.D, at 5 % for 

moans 

of: 24 «» d= 524; 72 = ± 301. 





Fresh Weight of Main Stem (gm.) 


Olb. N 

ft ft 

417-1 

444-3 


436-6 

445-1 

601b. N 

ft ft 

496-3 

616-4 


591-0 

567-7 

1201b. N 

ft ft 

446-3 

665-3 


765-5 

659-4 

Mfean of 72 . . 


449-3 

561-6 


584-1 


S.D. at 5% for 

means 

of: 24= ±17-48; 72 = ± 9-97. 




^ Data of Lai and Sreenivasan, 1952. 
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Levels 

F.Y.M. 

Castor 

cake 

Sulphate 

of 

ammonia 

Mean 

of 

18 


Gulcose 

Percentage of Juice 


01b. N .. 

601b. N .. 

1201b. N .. 

Mean of 18 . . 

0-7001 

0-5415 

0-4961 

0-5792 

0-7821 

0-5633 

0-2691 

0-5217 

0-5815 

0-4638 

0-6145 

0-5531 

0-6879 

0-5228 

S.D. at 5% for means 

of: 6 =0 dk. O’ 1614; 

18 « t 0-09.12. 



Sucrose Percentage in Cane 

Juice 


01b. N .. 

601b. N .. 

1201b. N .. 

Mean of 18 . . 

17- 26 

18- 15 

17-85 

17-75 

17- 16 

18- 15 

19- 10 

18-13 

16- 69 

17- 8! 

17-56 

17-35 

17- 03 

18- 03 
18-17 


S.D. at 5% for means of: 

6 = ± 0-928; 18 

1 ± 0-516. 




°Br ix in 

Cane Juice 



01b. N .. 

20-66 

20-16 

21-16 

20-66 

601b. N .. 

20-50 

21-16 

21-00 

20-88 

1201b. N 

20-50 

21-16 

21-00 

20-88 

Mean of 18 

20-55 

20-86 

21-05 


S.D. at 5% for means of; 

6-= :i:0’5245; 

IB ± 0-3026, 



Purity Percentage of Cane Juice 


01b. N .. 

82-66 

82-16 

81-00 

81-94 

601b. N .. 

86-66 

84-66 

84-16 

85-16 

120 lb. N 

86-66 

89-16 

83-00 

86-27 

Mean of 18 . . 

85-33 

85-33 

82-72 


S.D. at 5% for means of: 

6«= .1: 3-976; 

18 - I; 2- mi. 




It was, however, difficult to imagine the extent to which variations in 
growth were specially related to the changes in the sap characteristics. 
Certain outstanding relationship may, however, be indicated. Good growth 
in amnionium sulphate was, for instance, found to be associated with osmo- 
tic pressure of the sap ; while poorest growth appeared related to low osmotic 
pressure, in the control. Similarly highest tillering under farm-yard manure 
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app^rerf related to high concentration of solutes. The useful effect of 
120 Ih N as castor ^ke on sucrose appeared related to low viscosity of the 
sap. Castor cake at 60 lb. N improved the bound water markedly If higher 
bound water was a cnterion of greater drought-resistance of plants (Lai and 
Mehrotra l>)5.1) treatment with castor cake at 60 lb. N appeared desirable 
for including greater colloidal content of tissues. 


Sap ChamctemticsofTop, Middle and Bottom Canes.-Tov portions of 
cane were generally higher in viscosity and solute concentration High 
viscosity and high solute concentration were the prerequisites for the efficient 
functioning of the top region of the sugarcane plant. 


Table IV 

Correlation coefficient between yield of millable canes and other 

sap characteristics 


Correlation 

Characters coefficient S.E. 


Yield v.y. 

density . . 

0-35 

0-42 

Yield v.T. 

surface tension . . 

0-77 

0-186 

Yield V.?. 

viscosity 

0-19 

0-43 

Yield v.v. 

osmotic pre.ssurc 

0-72 

0-21 

Yield v.v. 

solute concentration 

0 02 

0-45 

Yield V.V. 

bound water 

0-51 

0-33 

Yield V.V. 

free water 

0-49 

0-33 


The middle portion of the cane stem showed high density, osmotic pres- 
sure and free water content, but was poorest in surface tension and bound 
water. These portions of the cane stem were connected to the active leafy 
region at the lop and the dry leaf section at the bottom and, therefore, 
served as a channel of transport for all manufactured materials down to 
stem. The bottom canes showed highest surface tension and bound water, 
both of which were favourable for sucrose storage in this region. 
Further low osmotic pressure and solute concentration in this region 
indicated the fact that some of the constituents of the cell were not 
in an osmotically active form and that in the process of their storage, they 
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were temporarily converted into such forms which contributed to high 

density of the sap. . , „ . „ 

Correlatm Between Yield and Physico-Chemical Properrier.-So fat as 
die sap characteristics were concerned, yield of the nullable canes showed 
“higUy signihcant positive correlation coetaent w,th surface enston and 
osmL prLure of 0-77 ±0-185 and of 0-72 ± 0-21 resp^uvely^ Co,- 
relation coefficient between yield and other characters, for instance, de^ty, 
viscosity, solute conceniration and bound and free water were not Slgnihcam 
at all (Table IV) It appeared, therefore, that of all the sap charactenste 
high surface tension artd high osmotic pressure showed some intrinsic rela- 
tion with yield of millable canes. 


Summary 

Top canes were found to be richer in viscosity and solute concentration. 
Middle canes were rich in density, osmotic pressure and free water but were 
poor in surface tension and bound water. Bottom canes showed highest 
surface tension and bound water but were poorest in density, viscosity, 
osmotic pressure, solute concentration and free water. 

Surface tension and osmotic pressure showed a positive correlation 
with yield; these indicated that high surface tension and high osmotic pres- 
sure were usually associated with high yield of sugarcane. The inter- 
relation between various sap characteristics and yield has been indicated. 
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STUDIES ON CARBON SELECTIVITY, FROM SOME 
ORGANIC COMPOUNDS, AND ITS EFFECT ON 
GROWTH AND SPORULATION OF ALTERNARIA 
tenuis strain B CAUSING CORE ROT OF APPLES 

By R. N. Tandon and Jawand Singh Grewal 

(Department of Botany, University of Allahabad) 


Carbon is essential for all living organisms and it plays an important part 
in the nutrition of fungi because it forms about 50% of the total dry weight 
of a fungus. The earlier workers on the physiology of fungi were mainly 
interested in determining the carbon requirements of various organisms. 
They concluded that carbon compounds, which could be oxidised and 
assimilated easily, were the first choice of food for fungi. 


Steinberg^’- clearly showed that the fungi reacted differently towards 
various carbon compounds. The effect of carbohydrates and alcohols on 
the growth of Alternaria tenuis strain B was studied and an attempt was 
made to determine if the amount of damage to apples was in any way con- 
nected with the type of carbohydrate present in the fruit. 

Material and Method 


After a preliminary study of growth and sporulation of Alternaria tenuis 
strain B on four different media {viz., Asthana and Hawker’s medium A, Coon’s 
synthetic medium, Czapeck’s medium, Richard’s medium) Asthana and 
Hawker’.s medium A containing KNO 3 ; 3-5gm., KH 2 PO 4 ; 1-75 gm., 
MgSO^ 7HaO; 0-75 gm., dextrose; 5-0 gm. and distilled water 1000 c.c. 
was selected as the basal medium. Dextrose in the basal medium was 
replaced by different carbon compounds. Care was taken to provide 2-0 gm. 
of carbon per litre in each case. This quantity was equivalent to the amount 
of carbon in 5 ■ 0 gm. of dextrose used in the basal medium. As the structural 
formuUe of polysaccharides are not known their weights were similar to the 
amount of dextros*e present in Asthana and Hawker’s medium A. The best 
pH was found to be 5 and hence all the media were adjusted to that value. 


Only pyrex glassware, extra pure chemicals and double distilled water 
were used throughout this investigation. Liquid cultures containing 50 c.c. 
of nutrient solution in 150 c. c. conical flasks were sterilized at 01 b. pressure 
for 20 minutes and were then inoculated with inoculum of equal size and were 
incubated for 3 weeks. Four replicates were used in each senes. The mycehal 
mats^ were filtered, washed with distilled water and dried to constant weight 
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at 80 ° C. They were weighed in analytical balance. The following carbon 
compounds were used: — 

A. Carbohydrates 

1 . Monosaccharides 

(a) Pentoses; (C5H10O5)— arabinosc, rhamnose, xylose. 

(b) Hexoses; (CeHiaO,,)— mannose, glucose, galactose. 

2 . Disaccharides: (CiaHaaOu)— lactose, maltose, sucrose. 

3 . Trisaccharides: (Ci 8 H 320 ie)-raffinose. 

4 . Polysaccharides: (C8HioOj)„--starch, dextrin, inuHn. 

B. Glucoside: (CmHibOt)— arbutin 

C. Alcohols 

(a) Trihydric (CsHrOs)— glycerine. 

(b) Tetrahydric (CiHjoOi)— erytheritoi. 

(c) Hexahydric (CeHuOe)— dulcitol, mannitol, sorbitol. 

Observation.s 

The dry weight, nature of sporulation, spore .size and septation of spores 
were carefully studied and the average results are recorded in Table I. 

Table I 

Showing average dry weight in milligrams and sporulatkm as well as other 
characters of the spores of A, tenuis strain B on different carbon 

compounds 


Carbon 

compounds 

Average 
dry weight 
in mg. 

Sporula- 

lion 

Spore size 
in <1 

No. of 
Transverse 
septa 

No. of 
Longi- 
tudinal 
.septa 

Sorbitol . . 

94-2 

fair 

21 -2 X 10-1 

1 .3 

0 2 

Glycerine 

81-7 

poor 

20-9 - 10-3 

15 

0*2 

Erytheritol 

73-2 

poor 

20-6V 10-2 

1 4 

02 

Mannitol 

70-5 

poor 

21-4X 9-8 

16 

0 3 

Dulcitol 

65-3 

poor 

21 -Ox 9-8 

1~5 

0-2 

Mannose 

58-2 

good 

20-3 ;< 9-9 

1-6 

0-2 

Dextrin . . 

56-2 

absent 

» » 

# « 


Lactose . . 

52-7 

good 

20-2X10-2 

1-6 

0-2 



Growth and Sporulation of Alternaria tenuis Strain B 


Table I — Continued 


Carbon 

compounds 

Average 
dry weight 
in mg. 

Sporula- 

tion 

Spore size 
in /X 

No. of 
Transverse 
septa 

No. of 
Longi- 
tudinal 
septa 

Galactose ’ 

52-6 

good 

20 - 8 X 9-9 

1-4 

0-2 

Raffinose 

52-3 

fair 

19 - 4 X 10-1 

1-3 

0-3 

Glucose . . 

46-0 

good 

20 - 8 X 10-3 

1-5 

0-2 

Mdtose . . 

44-5 

absent 




Starch . . 

38-1 

absent 




Sucrose . . 

36-0 

fair 

20 - 3 X 9-8 

1-5 

0-2 

Inulin 

32-2 

absent 

• * 



Arbutin . . 

29-9 

absent 




Rhamnose 

20-1 

poor 

21 - 5 X 10-1 

1-4 

0-2 

Xylose . . 

18-2 

good 

20 - 8 X 9-9 

1-5 

0-3 

Arabinosc 

16-1 

absent 

, , 



Control (no carbon) 

00 

. . 





General mean: pC 0. at 1% lovci»s46'9? 12*52. 

Poor denolen L 3 spores per low power field of the microscope, fair sporulation 
denotes 4-4 spores per microscopic field, good sporulation denotes more than 10 
spores per microscopic field. 

The results in Table I showed marked variation. Some differences were also 
observed in different replicates of the same medium. The utility of various 
carbon compounds was not clear without statistical analysis which was 
undertaken. The standard error and critical difference were determined. 

Analysis of Variance {in mg.) 


Sources 

D.F. 

S.S. 

M.S. 

F. calc. 

Significance 

Replicates 

3 

54-83 

18-28 

-414 

No... 

Treatments 

19 

42988-20 

2262-53 

51-23 

High 

Error 

, 57 

2517-56 

44-16 



Total 

79 

45560-59 





u 
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Summary of 21 days dry weight results and conclusions at 1% level of prob- 
ability. 


Replication 

. . Non-significant. 

Treatments 

. . Highly significant. 

Standard error 

.. 3-32 

C.D. at 5% 

.. 9-41 

C.D. at 1% 

.. 12-52 


Statistical analysis of results included in Table 1 indicates that sorbitol, 
glycerine, erytheritol, mannitol and dulcitol supported significantly better 
growth of J. tenuis strain B. Sorbitol gave significantly best growth amongst 
the compounds giving good growth. Moderate growth of the fungus was 
observed on mannose, dextrin, lactose, galactose, rafiinose, glucose, maltose, 
starch and sucrose. Out of the compounds supporting moderate growth 
starch and sucrose gave significantly less growth than mannose, dextrin, 
lactose, galactose and rafiinose. Significantly poor growth of the fungus 
was recorded on inulin, arbutin, rhamnose, xylose and arabinose. Among 
these compounds inulin supported better growth than xylose and arabinose. 
There was no growth of the fungus in complete absence of carbon in the 
basal medium. 

The dry weights on all the above compounds were also determined 
after the growth of the fungus for 1 and 2 weeks. It was observed that the 
general trend of growth on particular carbon compound was similar at difier- 
ent periods. The growth on those carbon compounds which had best 
dry weight on the 21st day was also similar on 7th and 1 4th day but maltose 
showed better growth than all others except sorbitol on 7th day and even 
on the 14th day the growth was better than on rafiinose and glucose. It 
appears that the utilization of this compound starts earlier but in course of 
time it slows down. Similarly the growth on lactose was slightly better than 
on dextrin but this difference was not statistically significant. No autolysis 
of the mycelium was observed in any series within the experimental period. 

The results also indicate that carbon source in the medium influences 
the amount of sporulation but the spore size is not significantly effected. 
Good sporulation of A. tenuis strain B was noticed on mannose, lactose, 
galactose, glucose and xylose. It was fair on sorbitol, rafiinose and sucrose 
and poor on glycerine, erytheritol, mannitol, dulcitol and rhamnose. There 
was no sporulation on dextrin, maltose, starch, inulin, arbutin and arabinose 
which was also absent on every compound on the 7th day. It was absent 
on many except on mannose, lactose, glucose and xylose even on the 14th 
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day. The former two had good while the last two had only fair soorulation 
spo?ltfon"' " " >1> *e hexose? supported good 

Discussion 

‘,T„ P.'’”'; S'PWh of AUomaria temds strain B. 

Wolf ct a!.- also obtained similar results with Momsporium miospermmt 
Wolf,*- however, found it useless for Umbso zea. Few investfgatL 
found that it could support good growth. Wolffs and Wolf era/ ** had 
reported that Ustilago zem and Monosporium apiospermum were unable to 
use carbon in rhamnose. A. tenuis strain B differed from them because it 
could use rhamnose even though it gave poor growth on it. Mehrotra« found 
it to be a moderate source of carbon. Many investigators f®' 

found that xylose could support good growth of the fungi investigated by 
them. The present fungus {A. tenuis), however, gave poor growth on xylose 
Similar result was obtained by Brock® for Morchella esculenta 


Numerous investigators^ »■ w. is, i». m, 27, 29. 33. 34, 33 have reported glucose 
to be a good source of carbon for the growth of fungi. Weimer and Harter®* 
working with Spimmnema fimhriatum, Tochinai®® with Fusarium Uni and 
Schade®® with Leptomitm lacteus, however, found them incapable of utilizing 
glucose. A. tenuis strain B gave moderate growth on glucose. Many 
workers®' «’ ®®' ®‘ found galactose to be a good source of carbon for the 

fungi investigated by them. Brock,® Horr^ and Kinsel,®® however, found that 
it supported poor growth of Morchella esculenta, Aspergillus niger, Penicil- 
lium glaucum and Diphdia zea. The present fungus gave moderate growth 
on it. Mannose supported moderate growth of A. tenuis strain B. Steinberg®’ 
also reported similar results, even though some other investigators®’ s- ®®’ ®* 
had obtained good growth of their fungi on mannose. Ezekiel et al.,* Horr®» 
and Mehrotra'* reported it to be a poor source of carbon for the growth 
of Phymatotrkhum omnivorum, Aspergillus niger, Penicillium glaucum and 
for some species of Phytophthora. 

The disaccharides (lactose, sucrose and maltose) are known to influence 
the growth of various fungi in different manner. La Fuze,®® Mosher et al.^^ 
and Steinberg®'^ found that lactose was useless for fungi investigated by them. 
Blank and Talley,' Fergus® and Wolf®® found it to be a good source of carbon. 
A number of workers'' ®' '*■ reported maltose to be a good source while 

Fergus® as well as Schade®® found it to be a poor source of carbon. Tochinai®® 
reported sucrose to be a poor source while Blank and Talley,^ Fergus,® 
ly^onian,^® Schade,®® Wolf,®® Weimer and Ifarter®® and Youn| and Benpett®® 
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found it to be a good source of carbon for the fungi investigated by them 
All of them, however, gave only moderate growth of A. tvmis strain B 

Mehrotra^® as well as Saksena and Mehrotra®* found that raffinose 
was a poor source of carbon. Srivastava*® and WolF® recorded good growth 
on it. A. tenuis strain B. differed from them and supported moderate growth 
only. 


Starch has been reported to be a good source of carbon.^' a® Xhe 
present fungus gave only moderate growth on it. Wolf^*'’ reported that 
Ustilago zece was unable to grow on it while Fergus® obtained poor growth 
of Penicillium digitatum. The results obtained with dextrin were similar 
to those reported by Patel et WolP and Wolf et al.^* as it supported 
only moderate growth. Fergus® and Mehrotra," however, found it to be 
a poor source for a number of fungi examined by them. Mehrotra^ as 
well as Saksena and Mehrotra^® found that inulin supported moderate to 
good growth of their fungi but A. tenuis strain B gave poor growth and in 
this respect it resembled Morchella esculcnta and Penkillium dieitatun, 
investigated by Brock® and Fergus.® 


The present investigation clearly indicates that dulcitol, glycerine ery- 
theritol, mannitol and sorbitol give significantly better growth of A. ]enuis 
strain B. Each of the above carbon compound is known to give good growth 
of some fungi and moderate or poor growth of others. Dulcitol is renortpH 
by Wolf « be a good »urcc for Mo.ospor,u,n op/o.rZ“ 
Mehrotra as well as Saksena and Mehrotra" found it to be unsatisfactory 
for some species of Phytopltthora and Pythium. According to the same 
mvesugators e^theritol mannitol and sorbitol were also unsatisfactory 
but Blank and Talley' and Patel ero/.>» obtained good growth of Phy^aZ 
trichum omnmmn and Pestchtla pMU respectively on mannitol. Hawker* 
also reported it to he a poor source of carbon. 


OFURULATION 

Hawte- ta^pol ta.“r^"tmtnXnThtrof‘ 
is iniuenced by the kind atfd 

strain B pranced abundant spomlat^rcrx^Xg^L laZ^ '‘Z 
toXse“weri“tooutabr!m!’' and 

ml”se f poS°sf„“® f 

lindemuthiamm. AccortUng to Timnick « />/ 

fnr ^nomiHtion nf „ ® Y^wck et glucose and lactose are good 

for spomlauou of D,afor,he phaseebmm var. bammis. Timnick 
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found glucose and galactose to be good for Mdanconium fuligenium. Hawker 
and Chaudhuri*' have reported that lactose is a poor source of carbon for 
the reproduction of Pyronema confluens. 

Leonian'* reported that raffinose was a favourable source of carbon 
for reproduction of Phytophthora. Fair sporulation of A. tenuis strain B 
was also observed on it. Some investigators^®' 23 reported sucrose 
to be good for sporulation of many fungi. It, however, induced only fair 
sporulation of A. tenuis strain B. 

Glycerine, erythcritol, mannitol and dulcitol induced poor sporulation 
of the fungus under study. Mathur et al^^ also obtained similar results 
with mannitol. Hawker’^ also observed poor sporulation of Melanospora 
destrums on mannitol. On the contrary Patel et and Timnick et al.^o 
found that mannitol induced abundant sporulation of Pestalotia psidii and 
Diaporthe phaseolorutn var. hataiatis respectively. 

In the present investigation there was no sporulation of A. tenuis strain B 
on maltose, dextrin, starch, inulin and arbutin. Though Lilly and Barnett,^® 
Mathur ct ai}^ as well as Timnick et al.^’ reported that maltose induced 
good sporulation of some fungi. Patel etal.f^ however, obtained only 
poor sporulation on it. Timnick reported that the sporulation of 

Diaporthe phaseolorutn var. batatatis was good on starch, poor on sucrose 
and it was completely absent on sorbitol. 

Alcohols (dulcitol, glycerine, erythcritol and mannitol) gave significantly 
best growth of the fungus but induced poor sporulation. Mannose, galactose, 
glucose and lactose supported moderate growth but they induced good 
sporulation. Xylose gave significantly poor growth but' the sporulation 
was good. While arabinose and arbutin which supported poor growth 
checked sporulation also. It is thus quite evident that there is no correlation 
between growth and sporulation. 

The present investigation also established that each organism must be 
individually investigated for determining the best source of carbon for its 
growth or reproduction. 

Summary 

Alternaria tenuis strain B was grown on Asthana and Hawker’s medium A 
as well as on 19 different compounds of carbon. Sorbitol, glycerine, ery- 
theritol, mannitol and dulcitol gave significantly good growth. Moderate 
growth was recorded on glucose, galactose, mannose, maltose, lactose, 
sucrose, raffinose, dextrin and starch. The growth was significantly poor 
on xylose, rhamnose, arabinose, inulin and arbutin, There was no ^owfl| 
without carbon, 
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Best sporulation of the fungus was noticed on xylose, glucose, galactose, 
mannose and lactose. The sporulation was Mr on sucrose, raffinose and 
sorbitol It was poor on glycerine, erytheritol, manmtol and dulcitol. 
Spore formation was completely checked on arabinose, maltose, starch, 
dLrin, inuUn and arbutin. In general the sporulation was good on all 
the disaccharides and the growth was best on sorbitol. It was also observed 
that there was no correlation between growth and sporulation. 
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